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Studies of some new cases of apogamy in ferns 


W. N. STEIL 
(WITH PLATES 4 AND 5) 


INTRODUCTION 


During the past six years, the writer has made an attempt to 
determine towhat extent under normal cultural conditions apogamy 
occurs in the homosporous leptosporangiate ferns and especially 
in the genera Pellaea, Pteris, and Aspidium. Since the nuclear 
history in only a few apogamous ferns has been investigated, it was 
believed that further studies in the cytology of such ferns would be 
desirable. Hence an investigation of this nature was undertaken 
in the species in which apogamy was discovered, and this part of 
the work has been considered more interesting and important than 
the discovery of new cases of apogamy. In some of the ferns 
studied the nuclear history is wholly or partly known, but the dis- 
cussion of this subject is reserved for another paper. At this time 
new cases of apogamy will be reported and briefly considered. 


METHODS AND MATERIALS 


On account of the great difficulty experienced in securing spores 
for cultural work, the investigation, so far as the discovery of new 
cases of apogamy is concerned, cannot be regarded as wholly suc- 
cessful. Some of the spores were collected in the field. A large 
number of plants were grown in the university greenhouse, and 
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spores were collected from these. Spores from a still larger 
number of species were obtained through the kindness of the fol- 
lowing persons: Dr. A. B. Stout, New York Botanical Garden; 
Dr. R. C. Benedict, Brooklyn Botanic Garden; Dr. G. T. Moore, 
Missouri Botanical Garden; Dr. E. B. Copeland, Los Banos, 
Philippine Islands; Mr. F. C. Greene, Rollo, Missouri; and Rev. 
George Moxley, Los Angeles, California. To these gentlemen the 
writer wishes to express his sincerest thanks, for in no small 
measure they contributed to the investigation. 

The spores were generally sown on the surface of a nutrient 
solution or on sphagnum. The latter was placed in a Stender 
dish and saturated with a nutrient solution. Before sowing the 
spores, the medium was thoroughly sterilized. Other media, such 
as nutrient agar, peat clay and loam, were also used, but none 
of these proved as satisfactory for the cultural work as the sphag- 
num. The Stender dishes were placed under bell-jars in a Wardian 
case in the university greenhouse. The jars were tilted on edge, 
so that the prothallia were provided with a sufficient supply of 
oxygen and carbon dioxid. The temperature of the Wardian case 
varied from 65° F. in winter to about 110° F. in summer. The 
prothallia were protected from too intense illumination by shading. 
The light was very favorable for the growth of fern prothallia 
since, when they were not crowded in the cultures, they became 
heart-shaped. The moisture supply was always sufficient for 
fertilization to occur in the non-apogamous species grown at the 
same time under precisely the same cultural conditions. 

In a large number of species in which fertilization is known to 
occur, including Pteris aquilina L., P. serrulata L., Osmunda re- 
galis L., O. Claytoniana L., O. cinnamomea L., and Adiantum 
pedatum L., sex organs were produced under the conditions just 
described, and embryos were formed only as a result of the union 


of the gametes. 

The prothallia of Nephrodium molle Desv. and Asplenium 
nidus L., in which Yamanouchi (1908) and Nagai (1914)_respec- 
tively induced apogamy, were grown under the same conditions, 
but while embryos were produced in large numbers, none were 
formed apogamously. 

The spores of some of the apogamous species were sown on soil 
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in the university greenhouse, but the prothallia never showed any 
peculiarities in their development, and embryos were never pro- 
duced by fertilization. Hence it appears that cultural conditions 
were not a factor in inducing apogamy in any case. 

In the majority of cases, the prothallia were grown until em- 
bryos were formed, either as a result of fertilization or apoga- 
mously. Parthenogenesis was not excluded in the non-apoga- 
mous species. To determine this point a cytological investigation 
would have been necessary. 

The conclusions are in no case based on a single culture but on 
a large number of cultures. Cultures in which only a few pro- 
thallia were obtained were always discarded. Great care was 
exercised in handling the spores before sowing in order to avoid, 
so far as possible, mixing those of different species. 

Two sets of cultures were made of each of the ferns tested for 
apogamy. In one set only a small number of spores were sown 
to avoid crowding the prothallia. The prothallia under these con- 
ditions grew to a good size and became heart-shaped. It was be- 
lieved that these cultures were favorable for the development of 
archegonia. The other cultures were made by sowing a large 
number of spores. The majority of the prothallia in these cul- 
tures were irregular in form and usually produced numerous an- 
theridia. If embryos were produced, they appeared in both types 
of cultures. From the two sets of cultures it was possible to 
determine whether sex organs developed. 

While the prothallia of the different species were growing, they 
were carefully examined from time to time with a microscope. 
Since in a number of species investigated tracheids appeared 
among the prothallial cells, it was not difficult to determine the 
apogamous forms. In all the apogamous species a region com- 
posed of small cells made its appearance posterior to the apical 
notch. In every instance when such an area of small cells ap- 
peared on the surface of the prothallium, the embryo proved to 
be of apogamous origin. When archegonia were produced in any 
of the apogamous species, they were absent on many of the pro- 
thallia. These, however, always produced embryos apogamously. 
In some species longitudinal sections of the prothallia were made 
in order to determine with more certainty the origin of the embryo. 
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APOGAMY IN PELLAEA AND NOTHOLAENA 


The first case of apogamy in the genus Pellaea was discovered 
by Goebel (1905) in P. nivea (Poir.) Prantl. Later Woronin 
(1907, 1908) found apogamy in P. flavens (Sw.) C. Chr., and P. 
tenera (Gill.) Prantl., and also in Notholaena Eckloniana Kunze 
and N. sinuata (Lag.) Kaulf., belonging to a genus closely related 
to Pellaea. Berggren (1888), however, had already described 
apogamy in N. distans R. Br. The writer has described apogamy 
in Pellaea atropurpurea (L.) Link (Steil, 1910) and P. adiantoides 
J. Sm. (Steil, 19150). New cases have since been found in P. atro- 
purpurea var. cristata Trelease and P. viridis (Forksk.) Prantl. 


APOGAMY IN PTERIS 


Farlow (1874) discovered apogamy in P. cretica L. var. albo- 
lineata Hort. This was the first reported case in plants. Up to 
the present time, no other case of apogamy has been reported in 
any other species of Pteris, although Stephens and Sykes (1910) 
assumed that apogamy occurred in Pleris Droogmantiana L. 
Linden, on account of the presence of binucleate cells in the pro- 
thallia. 

Wigand (1849) appeared to be convinced that the fern embryo 
did not owe its origin to fertilization. He undoubtedly described 
apogamous embryos, and from his descriptions and figures it is 
probable that he studied the development of such embryos in 
some species of Pieris. Although Wigand gives a good descrip- 
tion of an apogamous embryo, the true nature of apogamy was 
first recognized by Farlow. 

Tracheids were observed in the prothallium of P. sulcata 
Meyen by Leszcezyc Suminski (1848). Later Mercklin (1850) 
confirmed the observation. Neither, however, knew the signifi- 
cance of the presence of such sporophytic tissue elements in the 
cells of the gametophyte. DeBary (1878) grew the prothallia of 
P. quadriaurita Retz. var. argyraea Moore but failed to find the 
fern apogamous. 

Several years ago, without a knowledge of the observations of 
these investigators, the writer discovered apogamy in P. sulcata. 
Spores were obtained from the New York Botanical Garden, and 
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from Dr. E. B. Copeland, Los Banos, Philippine Islands. A 
plant obtained from Mr. Anderson, fern specialist, Short Hills, 
New Jersey, was grown in the university greenhouse, and spores 
were also collected from this plant. Archegonia were never found 
on any of the prothallia. However, apogamous embryos in large 
numbers were produced. Since numerous cultures of P. sulcata 
were made and from spores obtained from different plants, there 
can be no doubt that apogamy is of constant occurrence in the fern. 

P. argyraea Moore has also been found by the writer to be 
apogamous. In many respects the prothallia and apogamous 
embryos are similar to those of P. sulcata.* In P. Parkeri Hort. 
The writer has also discovered apogamy. The prothallia become 
large as compared with those of the former but develop in a similar 
manner. 

During the course of the investigation a large number of P. 
cretica varieties have been tested for apogamy, and so far none 
have been found which form embryos as a result of fertilization. 
The following is a list of these apogamous horticultural varieties: 
albo-lineata Alexander, maxima, magnifica, Mayu, major, Wim- 
settit, Wimsettit compacta, Wimsettit multiceps, Wimsettti grandis, 
and Ouvrardi. For the identification. of some of the above var- 
ieties the writer is indebted to Mr. James C. Clark, of Philadelphia. 
P. cretica var. albo-lineata Alexander Hort. resembles the P. cretica 
albo-lineata in which Farlow discovered apogamy only in its second 
set of leaves, which are linear but with a broader band of white 
along the main veins of the pinnae. The first leaves are nearly all 
crested, while the linear leaves show sometimes a slight tendency 
to become crested. From the investigations which have already 
been made, it may be predicted that all Pteris cretica forms are 
apogamous. Apogamy has not so far been found in any of the 
varieties of P. serrulata L. f. 


APOGAMY IN ASPIDIUM 


Apogamy was found by De Bary (1878) in Aspidium falcatum 
(L. f.) Sw. and in a crested cultivated variety of A. Filix-mas (L.) 


* According to Christensen (Ind. Fil. 593, 608. 1906) P. sulcata, P. quadriaurita 
and P. argyraea are all synonyms of P. biaurita L. According to Underwood and 
Benedict (Bailey's Stand. Cycl. Hort. 2852. 1916) P. quadriaurita is distinct from 
P. biaurita, P. argyraea being given as a var. argyraea Hort. under P. quadriaurita. 
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Sw. (A. Filix-mas cristatum’’). In the former Miss Allen (1911) 
described nuclear and cell fusions in the sporangia, previous to the 
formation of the spores. Kny (1895) discovered apogamy in an un- 
crested form of A. Filix-mas (‘‘A. Filix-mas genuinum"’). Lang 
(1898) found apogamy in the aberrant varieties of A. Filix-mas, 
known as “ Nephrodium pseudo-mas var. polydactylum Wills’’ and 
N. pseudo-mas var. polydactylum Dadds.”’ In these same varieties 
(discussed under the name “ Lastrea pseudo-mas var. polydactyla’’), 
Farmer, Moore and Digby (1903) and Farmer and Digby (1907) 
described remarkable nuclear fusions in the prothallium before 
the formation of the apogamous embryos. In a preliminary note 
on apospory Miss Digby (1905) had already reported apogamy in 
“ Lastrea pseudo-mas var. cristata apospora Druery.”’ 

Heilbron (1901) found apogamy in Aspidium aculeatum (L.) 
Sw. var. cruciato-polydactylum Jones and A. angulare Willd. 
forma grandidens Moore. Five years later (Steil, 1915 @ and d) 
apogamy was reported in A. hirtipes Bl. (Nephrodium hirtipes 
Hook.), A. Tsus-Simense Hook. and A. chrysolobum Kaulf. 
(Lastrea chrysoloba Presl). Apogamy has also been discovered 
as a result of the investigations herein described in A. varium 
(L.) Sw., A. auriculatum (L.) Sw., A. caryotideum Wallich, Cyr- 
tomium Fortunei J. Sm. and C. Rochfordianum Hort.* 


THE DEVELOPMENT OF THE PROTHALLIA AND SEX ORGANS 


In all the species so far studied, the prothallia become typically 
heart-shaped. Between the prothallia of apogamous and non- 
apogamous species no difference was noted excepting that in the 
latter tracheids sometimes appear. The prothallia of all the 
species of Aspidium in which apogamy has been discovered bear 
glandular hairs on both surfaces and on the margins (PLATE 4, 
FIGS. I, 2, and 5; PLATE 5, FIGS. 20 and 21), while in both Pellaea 
(PLATE 5, FIGS. 13, 14, and 15) and Pteris (PLATE 4, FIGS. 3, 4, 
and 6) such hairs are always absent. The prothallia in Aspidium 
grow to a much larger size than in Pellaea and in most species 

* Benedict (Bailey's Stand. Cycl. Hort. 2852. 10916) gives C. Rochfordianum 


asa synonym of C. falcatum J. Sm. (= A. falcatum Sw.); Christensen (Ind. Fil. 460. 
1916) includes both A. caryotideum and Cyrtomium Fortunei among the synonyms of 


the same species. 
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of Pteris. Those of Aspidium chrysolobum, A. varium, and A. 
auriculatum become especially large. 

Antheridia are produced on the prothallia of all of the apoga- 
mous species. The antherozoids responded to the chemotactic 
influence of the archegonia of non-apogamous species in all cases in 
which tests were made. The mature antherozoid appears perfectly 
normal and is probably capable of functioning. Ina former note 
(Steil, 1910) it was reported that antheridia had not been observed 
on the prothallia of Pellaea atropurpurea, but in many of my cul- 
tures made since this time they have been formed in large numbers. 

Archegonia have been found on the prothallia of Aspidium 
chrysolobum, but in a large number of the prothallia they are never 
produced (PLATE 4, FIG. 5). THe embryo always appears at the 
anterior portion of the cushion and can be readily observed to 
begin its development as a vegetative outgrowth from the pro- 
thallial cells. Over 50 per cent. of the prothallia of Pellaea viridis 
bear archegonia. Whether embryos are produced as a result of 
fertilization in either case has not been determined. In a few 
instances two embryos were observed to develop from a single 
prothallium of P. viridis. One of these was apogamously pro- 
duced, but the other appeared to owe its origin to an egg. Arche- 
gonia were never found in the prothallia of P. adiantoides, and for 
this reason especial care was exercised in making the cultures of 
P. viridis. Spores were obtained from the New York and the 
Missouri Botanical Gardens and from two plants grown in the 
university greenhouse, but the embryos in all of the cultures made 
from the spores thus obtained were produced apogamously. In 
some of the Pteris cretica varieties archegonia were observed very 
rarely, but an embryo was never found to be developed from an 
egg. 

THE DEVELOPMENT OF THE APOGAMOUS EMBRYO 


The apogamous embryo usually appears as a compact region 
of small cells on the ventral side of the prothallium and posterior 
to the apical notch (PLATE 4, FIGS. 2-5, and PLATE 5, FIGS. 13 
and 20). When the embryo begins its development, the prothal- 
lium has not yet attained its maximum growth. In some species, 
such as Aspidium chrysolobum (PLATE 4, FIGS. I and 2), A. hir- 
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tipes and A. auriculatum, the prothallia increase considerably in 
size as the young embryo is developing. In most instances the 
cushion has not been formed when the embryo makes its appear- 
ance. The embryo proceeds in development with the growth of 
the cushion. On account of the early appearance of the embryo. 
it was easy to determine when apogamy occurred in any species, 

While the embryo usually occurs back of the apical region 
its position varies in the different species and even in the same 
species. In some cases the embryo is developed directly in the 
apical notch (PLATE 5, FIGS. 14 and 15). A cylindrical or conical 
process produced as an outgrowth of the apical region may bear 
on some portion of it the apogamous embryo. Sometimes the 
embryo may be produced at a considerable distance posterior to the 
notch (PLATE 5, FIGS. 13 and 20). In still other instances the 
embryo is formed on the lobes of the prothallium (PLATE 5, FIG. 
19). From the foregoing, it is seen that the apogamous embryo 
can be produced on portions of the prothallia where archegonia 
have never been observed to be formed in any non-apogamous 
species. 

Tracheids are visible among the prothallial cells of some of the 
apogamous species long before the prothallium has reached its 
maximum growth (PLATE 4, FIG. 3, and PLATE 5, FIG. 20). 

It is usually in the portion of the prothallium where the 
tracheids appear that the apogamous embryo begins its develop- 
ment. The tracheids are readily observed in many cases, since 
the prothallium frequently becomes pale in the region of the notch 
and where these elements are produced. The cells in this portion 
of the prothallium contain fewer chloroplasts than the neighboring 
prothallial cells (PLATE 5, FIG. 20). In the species of Pleris the tra- 
cheids are most frequently observed (PLATE 4, FIGs. 3, 4, and 6). 
In many instances the light area extends forward as a cylindrical 
or conical process, already mentioned (PLATE 4, FIG. 6). 

The embryo is usually surrounded by hairs, each composed of 
a single row of cells (PLATE 5, FIG. 13). In some species, as in 
Aspidium chrysolobum and A. Tsus-Simense, scales are also pro- 
duced. 


In only a few species has the development of the apogamous 
embryo been studied in sections. It seems that the apical cell of 
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the leaf always appears first, then that of the root, and finally that 
of the stem. <A foot has never been observed to develop in any 
of the species in which the embryos were studied from prepared 
slides. Usually the leaf is much in advance of the root (PLATE 4, 
FIG. 9). A leaf, however, may be just making its appearance after 
the root has grown considerably in length (PLATE 4, FIG. 8). 
Both root and leaf, in the large majority of cases, are produced on 
the ventral side of the prothallium (PLATE 4, FIG. 7). PLATE 4, 
FIG. 12, represents a prothallium with an apogamous embryo the 
leaves and roots of which are ventral. Either root or leaf or both 
may appear on the dorsal surface (PLATE 4, FIGs. 10 and I1, and 
PLATE 5, FIG. 16). In the cultures of Aspidium chrysolobum and 
A. hirtipes embryos of this nature have been observed. Such 
anomalies may be produced by light conditions as Leitgeb (1885) 
has shown. 

As a result of studies thus far made, it has not been determined 
whether the apogamous embryo owes its origin to a single super- 
ficial cell or to inner and outer cells of the prothallium. 

Frequently, in some of the cultures, more than one embryo was 
observed to develop from a single prothallium. This was espe- 
cially the case when the prothallia showed a tendency to become 
lobed (PLATE 4, FIGS. 3 and 4). PLATE 4, FIG. 3, represents a 
prothallium of Pteris cretica albo-lineata Alexander with a young 
embryo posterior to the apical region, and tracheids in each of 
the two secondary regions of growth. Another prothallium of 
the same variety is shown in PLATE 4, FIG. 4. In this instance 
tracheids are present in the apical region, and two embryos have 
been produced on other portions of the prothallium. One of these 
is produced in the apical region of one of the main lobes, and the 
other is a vegetative growth on the inner margin of a lobe itself. 
Each of these embryos has produced a small leaf, /, and a root, r. 
The embryos in such cases, as is readily seen, are wholly independ- 
ent of one another. In some instances it was observed that some 
of the tracheids extended from the apical notch of the prothallium 
to one or both of the inner margins of the lobes where the embryo 
was produced (PLATE 5, FIG. 19). It may be stated in this con- 
nection that embryos are not always produced when tracheids are 
formed, but in most cases these tissue-elements indicate the be- 
ginning of an apogamous embryo. 
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In one of the cultures of Pteris sulcata, conical and nearly 
spherical projections were observed in the lobes of the prothallia. 
Some of these prothallia were transferred to another culture, and 
the growth of the projections was followed in both cultures. The 
projections produced either secondary prothallia or apogamous 
embryos. The former were often cylindrical at the point of origin, 
but in other respects they resembled the ordinary prothallia of 
Pteris sulcata. As many as six embryos were observed on the 
lobes of a single prothallium. In most instances these were nor- 
mal, producing both roots and leaves. 

By cultural conditions secondary prothallia have been pro- 
duced from the primary prothallia of many of the apogamous 
species. These prothallia also form embryos apogamously. 
DeBary (1878) reported that such prothallia of Pteris cretica 
albo-lineata seldom produced embryos. However, in my cultures 
of the same species, the secondary prothallia usually produced 
embryos of apogamous origin. Secondary prothallia of Pellaea 
atropurpurea, Aspidium hirtipes, Pteris sulcata, Pteris argyraea, 
and Pteris cretica albo-lineata Alexander frequently produce apoga- 
mous embryos. 


THE INFLUENCE OF WEAK ILLUMINATION ON THE DEVELOPMENT 
OF THE PROTHALLIA AND OF THE APOGAMOUS EMBRYOS 

When the prothallia of the apogamous species were placed 
under the influence of weak light, the same results were obtained 
as with the non-apogamous ferns. Filaments were formed from 
the margin and both surfaces of the prothallia (PLATE 5, FIG. 21), 
and these under the normal conditions of illumination in the war- 
dian case became independent prothallia, which in nearly all 
instances formed also apogamous embryos. When the prothallia 
were maintained in weak light, they remained simple or branched 
filaments, producing neither sex-organs nor embryos (PLATE 5, 
FIG. 18). Under somewhat more favorable conditions of illumi- 
nation, ribbon-like plates were produced, which frequently bore 


numerous antheridia and occasionally apogamous embryos. 
When the illumination was slightly less than that in the greenhouse, 
the prothallia became lobed (PLATE 5, FIGs. 14 and 15). In the 
new apical regions which were formed embryos also made their 
appearance (PLATE 5, FIG. 17). 
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The conical or cylindrical processes already described grew 
considerably in length when the cultures were placed in weak 
light. In such instances an apical cell could be readily distin- 
guished. The embryo in these cultures was frequently formed on 
the process, and usually it was produced as a direct outgrowth of 
the apical notch. The “light’’ area, or pale portion of the pro- 
thallium where the embryo begins its development, remains more 
conspicuous under these conditions. The colorless plastids, 
present in large numbers in the cells of the pale region, become 
chloroplasts under favorable conditions of light, and hence the. 
nearly colorless region is not so clearly differentiated in the latter 
case. 


ATTEMPT TO INDUCE APOGAMY IN OSMUNDA REGALIS 


In the latter part of July, 1912, a large number of prothallia of 
Osmunda regalis were found by the writer in a swamp in the vicinity 
of Madison. Most of the prothallia at this time were small but 
had produced numerous antheridia. Some of the prothallia were 
removed with a depth of about three inches of soil and placed under 
bell jars in the university greenhouse. Several cultures were kept 
in a Wardian case where the illumination was very favorable for 
the normal development of the prothallia. Other prothallia 
were placed under bell jars and in different parts of the greenhouse 
where strong light was obtained for the greater part of the year. 
The latter were watered only from below and great care was exer- 
cised to prevent condensation of moisture on the prothallia. In 
this manner fertilization was prevented for nearly a year and a 
half. During this period, however, the prothallia grew to a large 
size, and numerous antheridia and archegonia were produced. 
Many of the prothallia reached a length of three centimeters. 
On such prothallia most of the archegonia were formed in acropetal 
succéssion, but frequently a number were produced among the 
older archegonia. In one instance the archegonia on one side of 
the “midrib” of a prothallium, measuring two centimeters in 
length, were counted and approximately five hundred were found 
to be present. Therefore this prothallium had produced about 
one thousand archegonia. 

When the prothallia were freely watered, embryos were pro- 








104 STEIL: SOME NEW CASES OF APOGAMY IN FERNS 


duced in large numbers as a result of fertilization, Hence it is 
certain that the cultural conditions which were maintained ren- 
dered fertilization impossible. The prothallia grown under favor- 
able conditions were smaller, but produced numerous sex organs 
and embryos only as a result of fertilization. 

Since the prothallia for the cultural work were found growing 
under plants of Osmunda regalis, and since no other osmundas 
were growing in the immediate vicinity, it could hardly be assumed 
that the prothallia could be referred to any other species. Never- 
theless, spores of O. regalis were collected and sown in the Wardian 
case, and in every respect the prothallia grown corresponded to 
those brought from the field. 

The experimental work with Osmunda regalis was of especial 
interest, since Leitgeb (1885) reported in this species the occa- 
sional occurrence of apogamy. No one, however, has confirmed 
the observation. Although Lang (1898), Yamanouchi (1908), 
Pace (1913), and Nagai (1914) believed that apogamy might be 
brought about by cultural conditions, Miss Black (1909) and 
Mottier (1915) were unable to produce a single apogamous embryo 
by cultural conditions. 


SUMMARY 


1. The prothallia of a number of species of ferns in which 
apogamy was discovered were grown under cultural conditions 
favorable for the development of sex-organs and embryos in non- 
apogamous species. 

2. The prothallia of all the apogamous ferns become heart- 
shaped before the formation of the embryo. Antheridia are pro- 
duced on the prothallia of all apogamous forms, but archegonia 
are formed on the prothallia of only a few forms. 

3. The embryo usually appears as a compact region of cells 
posterior to the apical notch and on the ventral side of the pro- 
thallium. In a number of species tracheids are visible among the 
prothallial cells in the pale portion of the gametophyte. 

4. First to make its appearance is the apical cell of the leaf, 
then that of the root, and later that of the stem. A foot has not, 
so far, been observed to develop in connection with the apogamous 
embryos. 
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5. Either root or leaf or both of these organs may develop on 
the dorsal side of the prothallium. As a rule, however, they are 
produced on the ventral side. 

6. While the embryo is produced as a rule posterior to the 
apical notch, it may be formed on a cylindrical or conical “ pro- 
cess’’ and in some instances on the lobes of the prothallium. 

7. Several apogamous embryos may be formed on a single 
prothallium. 

8. As in non-apogamous species, secondary prothallia are 
readily produced, and these form embryos like those of the ordi- 
nary prothallia. 

g. The “‘light’’ area present on the prothallium of some of the 
apogamous species is rendered more conspicuous in cultures main- 
tained in weak light. The conical or cylindrical “process” in- 
creases considerably in length when the prothallia are grown under 
these conditions. As a result of weak illumination, the embryo is 
frequently produced as a direct outgrowth of the apical region of 
the prothallium. 

10. By growing the prothallia of Osmunda regalis in strong 
light and preventing fertilization for a year and a half, no embryos 
were produced apogamously. 

11. An investigation extending over a period of six years has 
resulted in the discovery of apogamy in a large number of ferns. 
The conclusion that apogamy is of frequent occurrence in the 
genera Pellaea, Pteris, and Aspidium, is justified on the basis of 
the many cases so far found in these genera. 

I wish to thank Professor C. E. Allen for suggestions and criti- 
cisms received during the progress of the foregoing investigation. 

UNIVERSITY OF WISCONSIN, 

MADISON, WISCONSIN 
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Description of plates 4and 5 


The photomicrographs of the prothallia on PLATE 4, and FIGs. 13, 14, 15, and 18 
on PLATE 5, represent a magnification of about twenty diameters. FIGs. 19, 20, and 
2t on PLATE 5 show a much higher magnification. The apogamously produced 
sporophytes were magnified about two and one half times. All the figures were re- 
duced one seventh in reproduction. 


PLATE 4 


Fic. 1. A ventral view of a prothallium of Aspidium chrysolobum just before the 
beginning of the apogamous embryo. 

Fic. 2. A similar view of a prothallium of the same species. The apogamous 
embryo is represented as a black region posterior to a pale region in the apical portion 
of the prothallium. 

Fic. 3. A ventral view of a prothallium of Pteris cretica albo-lineata Alexander. 
In the apical region a young embryo is developing. In the apical regions established 
in the lobes tracheids are present. 

Fic. 4. A ventral view of a prothallium of Pleris cretica albo-lineata Alexander. 
An embryo with root and leaf has been produced in the new apical region of one of 
the lobes. On the inner margin of the other lobe a young embryo has also appeared. 
In the main apical region tracheids are visible. 

Fic. 5. A dorsal view of a prothallium of Aspidium chrysolobum. The prothal- 
lium produced no archegonia. The apogamous embryo appears as a dark region 
posterior to the apical notch. 

Fic. 6. A prothallium of Pteris cretica albo-lineata. A tongue-like portion has 
developed as an outgrowth of the apical region. In the larger secondary prothallium 
the ‘pale ’’ region has already appeared. 

Fic. 7. A ventral view of a prothallium of Aspidium hirtipes with an embryo 
whose root and leaf are produced on the ventral surface. 

Fic. 8. An embryo of A. hirtipes with a well-developed root. 

Fic. 9. An embryo of A. hirlipes with only the leaf well developed. 

Fic. 10. An embryo of A. chrysolobum, one root of which is on the dorsal surface, 
and the other on the ventral. 

Fic. 11. An embryo of A. chrysolobum whose root is on the dorsal surface and 
leaf on the ventral surface. 

Fic. 12. A young sporophyte of A. hirtipes with three primary leaves and a 
single ventral primary root. 
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PLATE 5 


Fic. 13. A ventral view of a prothallium of Pellaea adiantoides. The young 
embryo is surrounded by hairs. 

Fic. 14. A prothallium of Pellaea adiantoides grown in slightly weaker illumina- 
tion than that maintained in the Wardian case. The prothallium has become dis- 
tinctly lobed, and the embryo is developed in the apical region. 

Fic. 15. A similar prothallium of the same species. The lobes are still more 
conspicuous and the embryo has grown to a larger size. 





Fic. 16. An embryo of Aspidium chrysolobum, one leaf of which is on the dorsal 
surface and the other on the ventral surface of the prothallium. The long root is 
also on the ventral surface. 

Fic. 17. A portion of a lobed prothallium of A. hirtipes bearing two embryos, 
each of which has a well-developed leaf and root. 

Fic. 18. Filaments of a single row of cells of prothallia of A. hirtipes grown in 
weak illumination. 

Fic. 19. A prothallium of Pleris sulcata, showing the beginning of an embryo in 
the apical notch. Tracheids pass upward to the young embryo, which has been pro- 
duced on the inner margin of a lobe. 

Fic. 20. An embryo of A. hirtipes beginning its development in the apical region. 
The “ pale ’’ region and tracheids are clearly differentiated. 

Fic. 21. Secondary prothallia of A. hirtipes produced from the margins and sur- 
faces of a prothallium placed in weak light. 








Correlation of morphological variations in the seedling of 
Phaseolus vulgaris 


J. ARTHUR HARRIS AND B. T. AVERY 
INTRODUCTORY REMARKS 


During the past several years one of us has had under way 
extensive experiments on the differential death-rate of bean seed- 
lings. Individuals differing in structure also differ in their capa- 
city for survival under field conditions,* and in such physiological 
characteristics as capacity for the development of the tissues of the 
primordialf and of the subsequent leaves.f 

Some tens of thousands of seedlings of known morphologica] 
characteristics have been exposed to risk, as the life insurance 
statisticians express it, in an attempt to determine the selective 
value of the various morphological variations. These seedlings 
were, for technical reasons, necessarily planted in the field at a 
time when the cotyledonary node and the primordial node only 
could be studied. It is evident that the capacity of the plant for 
survival may be in some degree dependent upon characters de- 
veloped later in ontogenesis, but correlated with characters of the 
first or second node of the seedling. 

However this may be, it is certainly true that a full knowledge 
of the morphology and physiology of the variant bean seedling 
demands a thoroughgoing investigation of the correlation between 
the structure of the first two leaf whorls and that of later whorls. 
We have, therefore, been forced to consider the problem of the 
morphological character of the leaf whorls produced at the third 
" * Harris, J. Arthur. A simple demonstration of the action of natural selection. 
Science II. 36: 713-715. 1912. 

+ Hartis, J. Arthur. Studies on the correlation of morphological and physiologi- 
cal characters: the development of the primordial leaves in teratological bean seed- 
lings. Genetics 1: 185-196. 1916. 

¢ Harris, J. Arthur. Further studies on the interrelationship of morphological 


and physiological characters in seedlings of Phaseolus. Mem. Brooklyn Bot. Gard. 
1. In press. 
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node in the case of plants showing various structural abnormalities 
at the first two nodes. 

Phaseolus is well suited for such investigations. The normal 
seedling has two cotyledons, inserted at the same level, and two 
opposite primordial leaves. A large number of structural varia- 
tions, four types of which will be considered in this paper, may 
occur. The chief disadvantage lies in the rarity of many of the 
variations in the lines with which we have dealt. The securing of 
adequate series is excessively laborious. The present paper is 
based upon a careful study of the variations in the first three nodes 
of 16,348 plants, which were selected from about 450,000 seedlings 
examined for the characters of the first and second node. 

When in the following paragraphs we refer to normal and 
abnormal plants or seedlings, it must be understood that this 
applies to the characteristics of the individual as determined on 
the basis of the first two nodes, the cotyledonary and the pri- 
mordial only. In its later development the “abnormal”’ plant 


may remain ‘‘abnormal’’ or become ‘“normal,’’ and the “normal” 


plant may either continue to be “normal” or become ‘“ abnormal.”’ 
The nature and method of classification of the abnormalities 


dealt with will be discussed in the presentation of the data below. 


MATERIALS AND METHODS 


The materials upon which this study is based are a series of 
lines of White Navy beans grown at the Station for Experimental 
Evolution during the past several years. The seeds were har- 
vested from field cultures in 1915 and germinated in sand in the 
autumn of 1916. 

Seedlings which were abnormal in the characters of the first 
or second node, i. e., in the number or insertion of the cotyledons 
or of the primordial leaves, were sorted out for potting in soil and 
subsequent study of the third node, that normally giving rise to 
the first compound leaf. 

For each abnormal individual, a normal control seedling from 
the same parent plant was taken at random to serve as a basis of 
comparison. Both were potted in soil and grown to a stage when 
the characteristics of the third node could be accurately deter- 
mined. 
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For the onerous preliminary examination of nearly a half a 
million seedlings we are greatly indebted to Miss Edna K. Lock- 
wood, Miss Margaret Gavin and especially to Miss Lillie Gavin. 


PRESENTATION AND ANALYSIS OF DATA 


The slightest abnormality which we have been able to discover 
occurring in considerable numbers of bean seedlings is the vertical 
separation of the two normally opposite cotyledons. So imper- 
ceptible is the line of transition between normal and abnormal that 
personal equation must play some part in classification. The 
cotyledons may be much more widely separated. The variation 
is a purely graduated one, with no sharp lines of demarcation be- 
tween the different degrees of separation. Generally we have 
recognized three grades, but because of the rarity of plants with 
more widely separated cotyledons we have in this paper grouped 
our data into two classes only. The first comprises plants with 
cotyledons 2-3 mm. apart. The second includes all those in which 
they are more distant. 

The number as well as the position of the cotyledons may vary. 
Plants with three instead of two cotyledons fall into two groups; 
those with the normal pair of primordial leaves and those with a 
whorl of three leaves. The latter are by far the more abundant. 

Abnormality developed subsequently to the selection of the 
seedlings in the preliminary sorting may affect either the inter- 
node between the second and the third nodes, that is, between the 
primordial leaf whorl and the point of insertion of the first com- 
pound leaf or leaf whorl, or it may be confined to the number or 
structure (or number and structure) of the leaves inserted at the 
third node. 

In the original selection of individuals abnormal in the char- 
acters of the first or second node, only those with sensibly normal 
axes (hypocotyl and epicotyl) were chosen for the purposes of the 
present study. 

Two types of abnormality in the axis beyond the second (the 
primordial) node have been considered. 

The first is a sensible broadening of the axis, identical with or 
similar to fasciation. This is a graduated character. The line of 
demarcation between normal and abnormal is not clearly marked. 
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and personal equation may influence in some degree the classifica- 
tion of the seedlings. 

The second is a division of the axis into two coérdinate branches 
each with a terminal bud. 

The frequencies of the two types of axial variation are too small 
to justify detailed discussion. The entries in TABLE I show that 


TABLE I 


FREQUENCIES OF ABNORMALITY OF SECOND INTERNODE IN NORMAL AND ABNORMAL 
SEEDLINGS 
Actual frequencies | Percentage frequencies 


“*. . : Broad- Di- 
Clase of abnormality Normal ened vided | Normal | Broadened| Divided 











inter- | inter- inter- | internode internode internode 
node | node | node 
aoniaaeal ee a 
Two cotyledons slightly separated; 
two primordial leaves.......... 4,017 5 8| 99.6774 .1240 -1985 
ee ag wa ate eae ee 4,029 oO BY CORE? wos .0248 
RS oo on 6 bike ciate eke uns —12;} + 5\ +7] —.2077\ + .1240| +.1737 
Two cotyledons widely separated; | 
two primordial leaves.......... 878 2 1! 99.6594 .2270 -1135 
I, hg bso o'g oe wadn'he 881 o DERE ahaoke | sacmas 
ei i ace ain area eeLh ade —3)/ +2 + 1] — 3406) + .2270) +.1135 
Three cotyledons; two primordial 
SK inate 0.6 ska ake ae a 813 12 0} 98.5454 OO eee 
I as ands « wwsraeien 825 oO oe! Pe eee 
RR re —1I2, +12 0} —1.4546| +1.4546] ...... 
Three cotyledons; three primordial 
Ss aed we donnie Dewees vedere 2,410 14 14 98.8515 -5742 -5742 
De  . . cettatasnedes 2,436 2 0| 99.9179 EE 6 cakes 
er a ee reer ey —26| +12) +14) —1.0664) + .4922| +.5742 


= . me u 





in every instance in which any individuals at all are available the 
seedlings which are abnormal in either the cotyledonary or the 
primordial node show a higher percentage of abnormality in the 
structure of the internode beyond the second node than do the 
normal controls. 

We now turn to a consideration of variation in the leaves in- 
serted at the third node. The leaves of plants with abnormality 
of the axis should not be combined with those having normal axes. 
They are not sufficiently numerous for separate consideration. 

Confining our attention to seedlings which have a normal axis 
for at least the length of the second internode of the epicotyl, we 
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have the frequencies shown in TABLEs II-V.* The character of the 
control plants is also given. 


























TABLE II 
SEEDLINGS WITH TWO COTYLEDONS SLIGHTLY SEPARATED AND TWO PRIMORDIAL 
LEAVES 
a Actual frequencies Percentage frequencies inti: 
leaves per node Abnormal Control Abnormal | Control 
3-791 | 3,853 94:37 | 95-63 —1.26 
2 225 176 5.60 4-37 +1.23 
3 I Oo .02 .00 + .02 
Totals... . 4,017 4,029 99.99 100.00 





TABLE III 
SEEDLINGS WITH TWO COTYLEDONS WIDELY SEPARATED AND TWO PRIMORDIAL 


























LEAVES 
~ ; > ~ r “tec 
ieee | _Actual frequencies : Percentage frequencies senna 
7 ifferenc 
eet snes Abnormal | Control Abnormal | Control 
I 811 | 840 92.37 95-35 — 2.98 
2 67 41 7.63 4.65 +2.98 
+ — —————_| ee 6 | 
| 881 100.00 100.00 
! 


Sg nes 878 





TABLE IV 
SEEDLINGS WITH THREE COTYLEDONS AND TWO PRIMORDIAL LEAVES 











" Actual frequencies Percentage frequencies 
Numbes of |__ hd Difference 
I Ss y 1 

aun pe Sonn Abnormal Control Abnormal Control 

I | 501 792 72.69 96.00 — 23.31 

2 221 33 27.18 4.00 +23.18 

3 I °o e .00 + .12 
IS sé a os 813 825 99.99 100.00 

TABLE V 


SEEDLINGS WITH THREE COTYLEDONS AND THREE PRIMORDIAL LEAVES 




















. . Actual frequencies Percentage frequencies 
Number of _ hand Difference 
leaves per nod r e iffere’ 
—— Abnormal Control Abnormal Control 
I 1,632 2,200 67.72 90.31 — 22.59 
2 771 236 31.99 9.69 +22.30 
3 7 o -29 -00 + 29 
Sere 2,410 2,436 100.00 ee ee 


* In these tables the numbers of control plants are not exactly identical with the 
numbers of abnormal plants, since some of those selected as normal in the seedling 
stage showed abnormality of the axis in subsequent development and are omitted 
here, where we are discussing abnormalities of foliar characters only. 
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In each of the types of abnormality dealt with the abnormal 
series show a higher proportion of the individuals with two or three 
leaves at the third node than do their normal controls. 

Furthermore, seedlings showing different types of abnormality 
at the first nodes also differ among themselves in the extent of 
abnormality at the third node. Thus plants which are normal 
except for slight separation of the cotyledons have two or three 
leaves at the second node instead of the single leaf normally found 
in 5.63 percent. of the individuals. Plants with the cotyledons 
more widely separated have 7.63 per cent. of their number with two 
or three instead of a single leaf. 

When one turns to the groups of plants which have three in- 
stead of twocotyledons, a conspicuous difference is at once apparent. 
Plants which have three cotyledons and a normal pair of primordial 
leaves produce two or three instead of a single leaf at the third 
node in 27.31 per cent. of the cases. Seedlings with three coty- 
ledons and a whorl of three primordial leaves instead of the normal 
pair at the third node have 32.29 per cent. of the individuals with 
two or three leaves at the third node. 

Heretofore the number of leaves inserted at the third node has 
furnished the only measure of variation at this region of the axis. 
We now propose to consider variation in the organization of the 
leaves themselves. It will not be possible to do this in the detail 
in which we hope to treat the problem ultimately. The range of 
variation in the division of the bean leaf is rather great, and the 
laws governing it are doubtless very complicated. Some progress 
has already been made on the problem, but for the present we shall 
limit our discussion to the number of leaflets, leaving the problem 
of their arrangement for treatment when even larger series of data 
are at our disposal. 

The actual frequencies of number of leaflets per leaf produced 
at the third node are shown in TABLE VI. 

The most conspicuous feature of this table is the bimodal 
nature of the distribution. The modes are on three and six, as is 
to be expected from the fact that the distribution of the whole 
number of leaflets depends upon plants with from one to three 
leaves at the third node. 

Because of the wide range of variation in leaflet number it is 
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not feasible to reduce these frequencies for the individual classes 
to a percentage basis for comparisons. This has, however, been 
done for larger groups secured by combining all the seedlings 











TABLE VI 
NUMBER OF LEAFLETS PRODUCED AT THE THIRD NODE BY SEEDLINGS OF VARIOUS 
TYPES 
Two cotyledons Two cotyledons Three cotyledons Three cotyledons 
£ slightly separated and | widely separated and and two and three 
er we two primordial leaves | two primordial leaves primordial leaves | primordial leaves 
of ieaniets | . 
| 
Abnormal} Control | Abnormal| Control Abnormal| Control | Abnormal | Control 
I 5 2 I I | ee we 
2 16 6 4 | 3 2 | 2 5 
3 3,741 | 3,825 801 835 572 782 | 1,602 2,185 
4 27 «| 21 5 4 14 5 | 28 8 
5 10 | 2 I 2 6 7 9 2 
6 215 | 173 65 40 203 a 751 236 
7 I I 12 +e 12 
8 Ta oe ‘a Sas I my 
9 4 cece sks eee I | 3 
10 I 2 
It I 
Totals 4.017 | 4,029 878 881 813 | 825 | 2,410 | 2,436 





showing merely separation of the cotyledons and all those showing 
three cotyledons instead of the normal two. The results are shown 
in the accompanying TABLE VII, which is self explanatory. 


TABLE VII 


COMPARISON OF THE NUMBER OF LEAFLETS IN DICOTYLEDONOUS AND TRICOTYLEDO- 
NOUS SEEDLINGS WITH THAT IN THEIR NORMAL CONTROLS 








Number of Seedlings with cotyledons separated Seedlings with three cotyledons 
leaflets wk eis es -— = a 
Abnormal Control Abnormal Control 
I Be .04 .03 Vier 
2 41 -12 .16 21 
3 92.79 94.91 7-45 90.98 
4 65 -51 1.30 .40 
5 -22 .0o8 -47 IS 
6 5.72 3.52 29.60 8.25 
7 .04 BI -74 | Saks 
8 Snes case -03 
9 .02 cece -I2 
10 -02 eee .06 + 
II med ae .03 





A comparison may be made without the combination of dif- 
ferent grades of abnormality by grouping the number of leaflets 
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around the modal classes 3,6 and 9. The results in TABLE VIII 
show essentially the same relationships as those given in TABLES 
VI-VII. First, the higher leaflet numbers are more extensively 
represented in the abnormal plants of each of the four types than 
they are in the controls. Second, the tricotyledonous plants show 
a far greater increase in the number of leaflets inserted at the third 
node than do those abnormal only in the position at which the 
two cotyledons are inserted. 


TABLE VIII 


PERCENTAGE FREQUENCIES OF NUMBERS OF LEAFLETS IN SEEDLINGS OF VARIOUS 
TYPES 


Number of leaflets 
Class of abnormality 





1-4 5-7 S-11 

Two cotyledons slightly separated and two primordial 

ey eT Teer ee ere eh iweb 94.32 5.62 .05 
SO Re ee ee ee aS ere ee 95.06 4.34 , 
Data ea na ah 4 Sake ae de a ane ee eNO — 5.3417 1.38 +.05 
Two cotyledons widely separated and two primordial 

PN aeN Ct dices wont eds SW Kes bona Rade do eKs 92.37 7.63 
tis Jc neicadtheds sede ea ea cu xed Sedbad o's 0% 95.23 4.77 
ID in 1 tanita i d's white arene ecb eck, k 0 aad .| — 2.86 | + 2.86 
Three cotyledons and two primordial leaves. ....... 72.57 27.18 .24 
EG Sa GER Ti oo. 0 Cas a a she SE Remo aes oO Ka 95.64 4.36 - 
I ie alice ta wens shes A Al a Ed ve ach ee le EIR ohm © doi —23.07 | +22.82 +.24 
Three cotyledons and three primordial leaves... ...... 67.72 32.03 25 
Ge Wass ian are wited ad ae ek eee vo ikea aren 90.23 9.77 oe 
Difference. . . ; “fae? : in —22.51 | +22.26 +.25 


In substantiation of these conclusions the reader will note that 
in the class with slightly separated cotyledons 5.68 per cent. of the 
plants have from five to ten leaflets as compared with 4.34 per 
cent. with five and six leaflets in the control series. In seedlings 
with more widely separated cotyledons but no other abnormality 
there are 7.63 per cent. of the plants with five to seven leaflets as 
compared with 4.77 per cent. of the normal controls with five or 
six leaflets. Seedlings with three cotyledons but the normal number 
of primordial leaves have 27.43 per cent. of the individuals with 
from five to nine leaflets as compared with 4.36 per cent. with five 
or six leaflets in the normal controls. 

Plants with a trimerous cotyledonary and primordial whorl 
have 32.28 per cent. of the seedlings with from five to eleven leaflets 
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as compared with 9.77 per cent. with five and six leaflets in the 
normal controls. 

Taking the average number of leaflets per plant as a basis of 
comparison between the abnormal plants and their controls we 
find the results in TABLE IX. 


TABLE IX 


MEAN NUMBER OF LEAFLETS IN SEEDLINGS OF VARIOUS TYPES 


Mean Mean | 
ber of ber of | 
Class of abnormality pe a oe | Difference 


abnormals controls 





Two cotyledons slightly separated; two primordial 


ND code a0 miwen ne bare hee ech « See demain eee 3.170 3-133 | +0.037 
Two cotyledons widely separated; two primordial 

Pee ere eee ee idee taketh gnats hte kai 3.228 3.191 | +0.037 
Three cotyledons; two primordial leaves............. 3.847 3-131 | +0.716 
Three cotyledons; three primordial leaves.......... 3.990 3-204 | +0.606 





Note (a) that for each type of normality the average number 
of leaflets is greater in the abnormal individuals than in the nor- 
mal, and (0) that the difference between the abnormal class and its 
control is far greater in the case of the plants with three cotyledons 
than in those in which the abnormality in the cotyledonary whorl 
consists merely in the separation of the two cotyledons. 

Thus the results for number of leaflets substantiates the con- 
clusion based upon number of leaves. 

Evidently, however, the number of leaflets is to a great extent 
determined by the number of leaves. The problem now arises: 
Are there differences in the average number of leaflets per leaf in 
the abnormal and normal individuals? 

Means and their differences have been determined, but are 
so slight that conclusions must be deferred until further series of 
data are available. 

Just one other method of dealing with the problem of the cor- 
relation in structural variation may now be considered. 

Number of leaflets is, in the materials dealt with, practically 
an integral variate. In examining a large series of plants those 
with partial division of a leaflet, representing transition stages 
between a leaf with m and one with m + 1 leaflets are sometimes 
found. Such cases are, however, relatively rare. The lobing of 
the leaflet has therefore been disregarded in the foregoing treat- 
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ment. A leaf with three leaflets, one of which has a lobe, has been 
recorded as 3 in the tables, not as an intermediate between three 
and four. This has simplified the tabling of the data, and the cal- 
culation of the simple constants necessary to the interpretation 
the data, without any material loss in accuracy. 

One may, however, inquire whether there are differences in the 
degree of lobing of the leaflets produced at the third node in plants 
which are normal and in plants which are abnormal in the char- 
acters of the first and second node. Because of the very low per- 
centages of lobing in the leaflet no stress whatever is to be laid 
upon the exact values found, even in samples containing several 
hundreds or thousands of plants, because of the great difficulties 
of determining the probable error of a small percentage. 

The results are given in TABLE X. 


TABLE X 
PERCENTAGE OF LOBING IN THE LEAVES OF SEEDLINGS OF VARIOUS TYPES 


Abnormal Control 


Class of abnormality Difference 








plants plants 
Two cotyledans slightly separated; two primordial 
NG hirae Swick Wau MAK RK ee eho eaTiad aie eee 0.349 0.273 +0.076 
Two cotyledons widely separated; two primordial 
EEE ee Se, a rere aera 0.456 0.112 | +0.344 
Three cotyledons; two primordial leaves ............ 1.509 0.242 +1.357 
Three cotyledons; three primordial leaves .......... 0.954 0.328 | +0.626 


Here the percentage frequency of plants with one or two lobes 
on the leaflets* are given for each type of abnormality dealt with 
and compared with that found in the control series. 

Two relationships seem clearly indicated by the constants in 
this table. 

First, the tendency to the production of lobes is greater in the 
leaflets produced by abnormal plants of all four types than in 
their normal controls. 

Second, the tendency to the production of lobes is greater in 
the leaflets of plants with a trimerous cotyledonary whorl, and 
either a dimerous or trimerous primordial whorl, than it is in 
plants in which the sole abnormality consists in the separation of 
the two cotyledons in their insertion on the axis of the plant. 


* In the case of two lobes both may occur on the same leaflet or they may be on 
different leaflets. 
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RECAPITULATION 


This paper presents the results of a first attempt to determine 
some of the correlations in the structural variations of the seedling 
of Phaseolus vulgaris. 

Che materials are drawn from a series of lines of Navy beans 
grown for the past several years at the Station for Experimental 
Evolution. The seeds used were harvested from plants of selected 
ancestry. Neither of these factors will, we believe, invalidate the 
conclusions drawn in this paper. These conclusions will not neces- 
sarily apply to certain entirely abnormal races. 

Fasciation-like broadening of the axis and longitudinal division 
of the axis distal to the insertion of the primordial leaves are both 
more frequent in seedlings showing separation of the cotyledons 
and in tricotyledonous seedlings than in those which are normal. 

Seedlings which are normal except for the separation of the 
cotyledons and those which have three cotyledons and a normal 
pair of primordial leaves or three cotyledons and a whorl of three 
primordial leaves produce a larger number of leaves, a larger num- 
ber of leaflets and a higher percentage of leaves with lobes at the 
third node than do those which are normal in their cotyledonary 
and primordial leaf characters. 

Seedlings which are tricotyledonous, with either a normal pair 
or a whorl of three primordial leaves, show higher percentages 
of variation in the axis, or the leaves produced by the axis, distal 
to the primordial leaves than do those which are normal except 
for the separation of the two cotyledons. 

These studies will be continued. 


STATION FOR EXPERIMENTAL EVOLUTION, 
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1917: 80-84. Jl 1917. 

Includes Pleurothallis costaricensis, Epidendrum tricarinatum, Maxillaria 

She pheardii, and Dichaea ciliolata from America. 


Rorer, J. B. Algal disease of cacao. Proc. Agr. Soc. Trinidad & 
Tobago 17: 345-348. S 1917. 
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Rose, J. N. Pachyphytum bracteosum. Addisonia 2: 53. pl. 67. 29 
S 1917. 

Russel, P.G. Uses of cacti. Am. Bot. 23: 90-97. Au 1917. 

Sampson, A. W. Important range plants; their life history and 
forage value. U. S. Dept. Agr. Bull. 545: 1-63. pl. 1-56. 8 O 
1917. 

Sawyer, M. L. Pollen tubes and spermatogenesis in Jris. Bot. Gaz. 
64: 159-164. f. 1-718. 15 Au 1917. 

Sawyer, W. H., Jr. The development of Cortinarius pholideus. Am. 
Jour. Bot. 4: 520-532. pl. 28, 29. 24 N 1917. 

Seaver, F. J. Sclerotinia and Botrytes. Torreya 17: 163, 164. 2 O 
1917. 

Also published in Science LI. 46: 163. 17 Au 1917. 

Shamel, A. D. Origin of the striped cane. Jour. Heredity 8: 471, 472. 
f. 13. O10917. 

Shantz, H. L., & Piemeisel, R. L. Fungus fairy rings of eastern Col- 
orado and their effect on vegetation. Jour. Agr. Research 11: 191- 
246. pl. 10-30 + f. I-15. 29 O 1917. 

Shear, C. L. Endrot of cranberries. Jour. Agr. Research 11: 35-42. 
bl. A+ f. 1-3. 801917. 

Fusicoccum putrefaciens sp. nov. is described. 

Shear, C. L., & Stevens, N. E. The botanical work of Ezra Michener. 
Bull. Torrey Club 44: 547-558. 27 D 1917. 

Shear, C. L., & Stevens, N. E. Studies of the Schweinitz collections of 
fungi-II. Distribution and previous studies of authentic speci- 
mens. Mycologia 9: 333-344. 24 N 1917. 

Sherwood, N. P. A study of several strains of pleomorphic Strepto- 
cocci. WKansas Univ. Sci. Bull. 20: 245-257. Ja 1917. 

Shufeldt, R. W. Marsh land and other aquatic plants. Am. Forest. 
23: 611-618. O 1917.  [Sllust.] 

Shufeldt, R. W. Necessity of greater accuracy in describing American 
trees. Nature Study Rev. 13: 288-294. f. 7, 3. O 1917. 

Shufeldt, R. W. Queen Ann’s lace; the papaw tree, and self-heal. 
Am. Forest. 23: 543-548. f. 1-6 + f. 98-124. S 1917. 

Sinnott, E. W. A botanical criterion of the antiquity of the Angio- 
sperms. Jour. Geol. 24: 777-782. D 1916. 

Sinnott, E. W. The ‘age and area’’ hypothesis and the problem of 
endemism. Am. Bot. 31: 209-216. Ap 1917. 

Skan, S. A. Pyrola bracteata. Curt. Bot. Mag. IV. 13: pl. 8710 B. 

Je 1917. 

A North American plant. 
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Skan, S. A. Pyrola uliginosa. Curt. Bot. Mag. IV. 13: pl. 8710 A. 
Je 1917. 

A plant from North America. 

Small, J. K. Aesculus parviflora. Addisonia 2: 45, 46. pl. 63. 29S 
1917. 

Small, J. K. The tree cacti of the Florida Keys. Jour. N. Y. Bot. 
Gard. 18: 199-203. pl. 206. S 1917. 

Includes description of Cephalocereus Deeringii sp. nov. 

Smith, C. P. Studies in the genus Lupinus—l. A new species of the 
subgenus Platycarpos. Bull. Torrey Club 44: 405, 406. to Au 
1917. 

Lupinus subvexus sp. nov. 

Soth, B. H. Plant life on the peaks. Am. Bot. 23: 77-85. Au 1917.° 
[Ilust.] 

[Standley, P. C.] Botanical explorations in Florida and New Mexico 
Smithsonian Misc. Coll. 66": 53-59. f. 54-60. 1917. 

Stapf, O. Pinus tuberculata. Curt. Bot. Mag. IV. 13: pl. 8717. S 
1917. 

A plant from western North America. 

Stevens, F. L. Spegazzinian Meliola types. Bot. Gaz. 64: 421-425. 
pl. 24-26. 16N 1917. 

Stevens, O. A. Plants of Manhattan and Blue Rapids, Kansas, with 
dates of flowecing—III. Am. Mid. Nat. §: 113-129. S 1917. 
Stevenson, J. A. Wood rot of citrus trees. Porto Rico Dept. Agr. 

and Lab. Exp. Sta. Rio Piedras Circ. 10: I-10. 1917. 

Stevenson, J. A. An epiphytotic of cane disease in Porto Rico. Phy- 
topathology 7: 418-425. f. 7, 2. 3 D 1917. 

Stewart, V. B. The perennation of Cronartium ribicola Fisch. on cur- 
rant. Phytopathology 7: 448, 449. 3 D 1917. 

Stewart, V. B. A twig and leaf disease of Kerria japonica. Phyto- 
pathology 7: 399-407. f. 1-6. 3 D 1917. 

Coccomyces Kerriae sp. nov. 

Stout, A.B. Notes regarding variability of the rose mallows. “Torreya 
17: 142-148. 14 Au 1917. 

Stout, A. B. Observations on tulips. Jour. Hort. Soc. New York 2: 
201-206. pl. 37, 38. Au 1917. 

Sturgis, W. C. Notes on new or rare Myxomycetes. Mycologia 9: 
323-332. pl. ¥4, 15. 24 N 1917. 

Includes Physarum melanospermum, P. lilacinum, Didymium fulvuum and En- 
leridium minutum, spp. nov. 


Swingle, L. A bottle-necked lemon. Jour. Heredity 8: 559. f. 8. 
D 1917. 
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Swingle,W. T. The early European history and the botanical name of 
the Tree of Heaven, Ailanthus altissima. Jour. Washington Acad. 
Sci. 6: 490-498. 19 Au 1916. 

Swingle, W. T. Le fruit mfir et les jeunes semis de /' Aeglopsis Cheva- 
liert. Bull. Soc. Bot. France 60: 406-409. 2 A. 1913. 

Swingle, W. T. Merotypes as a means of multiplying botanical types. 
Jour. Washington Acad. Sci. 2: 220-222. 4 My 1912. 

Swingle, W. T. Microcitrus, a new genus of Australian citrous fruits 
Jour. Washington Acad. Sci. §: 569-578. f. 1-4. 4 0 1915. 

Swingle,W.T. The name of the wood-apple, Feronia Limonia. Jour. 
Washington Acad. Sci. 4: 325-329. 19 Je 1914. 

Swingle, W. T. A new genus, Fortunella, comprising four species of 
kumquat oranges. Jour. Washington Acad. Sci. 5: 165-176. f. I-5. 
4 Mr 1015. 

Swingle, W. T. Pamburus, a new genus related to Citrus, from India. 
Jour. Washington Acad. Sci. 6: 335-338. 4 Je 1916. 

Swingle, W. T. Pleiospermium, a new genus related to Citrus, from 
India, Ceylon and Java. Jour. Washington Acad. Sci. 6: 426-431. 
19 yl 1916. 

Swingle, W. T. Severinia buxifolia, a citrus relative, native to south- 
ern China. Jour. Washington Acad. Sci. 6: 651-657. f. 7,2. 19 N 
1916. 

Tanaka, T. New Japanese Fungi. Notes and _ translations—II. 
Mycological 9: 249-253. Jl 1917;—III. Mycologia 9: 365-368. 
N 1917. 

Taubenhaus, J. J. On a sudden outbreak of cotton rust in Texas. 
Science I]. 46: 267-269. 14S 1917. 

Taylor, M. W. Preliminary report on the vertical distribution of 
Fusarium in soil. Phytopathology 7: 374-378. 3 0 1917. 

[Taylor, N.] The Semi-centennial of the Club. Torreya 17: 183-186. 
30 N 1917. 

Taylor, N. Informal and wild gardening. Jour. Internat. Gard. Club 
1: 91-104. Aus917. _ [Illust.] 

Taylor, N. Plants of the Catskill aqueduct. Brooklyn Bot. Gard. 
Leaflets 5: [3-8]. 10 O 1917. 

Terao, H. On reversible transformability of allelomorphs. Am. Nat. 
51: 690-698. N 1917. 

Thériot, I. Contribution a la flore bryologique du Chili. Rev. Chilena 
Hist. Nat. 20: 6-37. pl. 1-7. 1917. 

New species in Tortula (2), Webera (1), Bryum (2), Pogonatum (1), Porotrichum 


(2), and Costesia spongiosa, gen. et sp. nov. 
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Thom, C. C., & Holtz, H. F. Factors influencing the water require- 
ments of plants. Washington Agr. Exp. Sta. Soil Physics Bull. 
146: 1-64. f. 1-18. Je 1917. 

Tisdale, W. H. Relation of temperature to the growth and infecting 
power of Fusarium Lini. Phytopathology 7: 356-360. pl. 11 + 
f. 1. 301917. ; 

Traver, J. The American larch or tamarck, a tree of the swamps. 
Nature Study Rev. 13: 341-345. N 1917. [Illust.] 

Trotter, A. Osservazionie ricerche istologiche sopra alcune morfosi 
vegétali determinate da funghi. Marcellia 15: 58-111. pl. I-3 + 
f. 1-14. 31 Au 1917. 

Trumbull, H. L., & Hotson, J. W. The effect of Roentgen and ultra- 
violet rays upon fungi. Phytopathology 7: 426-431. f. JI, 2. 
3 D 1917. 

Van Eseltine, G. P. Selaginella fusiformis, a new species in the S. 
rupestris group. Proc. Biol. Soc. Washington 30: 161, 162. 10 O 
1917. 

Vestal, A. G. Foothills vegetation in the Colorado front range. Bot. 
Gaz. 64: 353-385. f. 1-8. 16 N 1917. 

Victorin, M. Découverte du lycopode petit-cypres dans les Lauren- 
tides. Le Naturaliste Canadien 39: 166-170. My 1913. 

Victorin, M. Notes botaniques. Le Naturaliste Canadien 40: 78, 79. 
N 1913. 

Victorin, M. Notes sur deux cas d'hybridisme natural. Le Natur- 
aliste Canadien 39: 177-189. f. 1-4. Je 1913. 

Victorin, M. Plusieurs ‘‘Cyperacies’’ nouvelles pour la flore de Québec. 
Le Naturaliste Canadien 39: 117-123. f.17, 2. F 1913. 

Waterman, W. G. Plant ecology and its relation to agriculture. 
Science II. 46: 224-228. 7S 1917. 

Weatherby, C. A. Color forms of Jmpatiens biflora. Rhodora 19: 
115-118. 2 Jl 1917. 

Weatherby, C. A. Concerning Polystichum acrostichoides forma lan- 
ceolatum. Am. Fern Jour. 7:90, 91. 2 Jl 1917. 

Weatherwax, P. The development of the spikelets of Zea Mays. 
Bull. Torrey Club 44: 483-496. pl. 23 +f. 1-33. 10 1917. 

Weimer, J. L. Three cedar rust fungi, their life histories and the 
diseases they produce. Cornell Agr. Exp. Sta. Bull. 390: 507-549. 
f. 136-157. My 1917. 

Weir, J. R. A needle blight of Douglas fir. Jour. Agr. Research 10: 
99-103. pl. 12 + f. 1-3. 9 Jl 1917. 
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Weir, J.R. Notes on wood-destroying fungi which grow on both coni- 
ferous and deciduous trees—II. Phytopathology 7: 379, 380. 
O 1917. 

Weir, J. R., & Hubert, E.E.  Cronartium cerebrum on Pinus resinosa. 
Phytopathology 7: 450, 451. 3 D 1917. 

Weir, J. R., & Hubert, E. E. Observations on forest tree rusts. Am, 
Jour. Bot. 4: 327-335. f.12,2. Je 1917. 

Uredinopsis pleridis on Abies grandis and Pteridium aquilinum pubescens. 
Wernham, H. F. Tropical American Rubiaceae—VIII. Jour. Bot. 
55: 169-177. Jl 1917;—IX. Jour. Bot. 55: 251-254. S 1917. 

Includes Neobertiera gracilis, Blandibractea brasiliensis, gen. et spp. nov.; also 
six new species in Sipanea, three in Cephalanthus, and seven in Psychotris. 

Wester, P. J. Additional observations on the citrus fruits of the Philip- 
pines. Philip. Agr. Rev. 10: 104-115. pl. 2-8. 1917. 

Wester, P. J. New or noteworthy tropical fruits in the Philippines. 
Philippine Agr. Rev. 10: 8-23. pl. 2-9. 1917. 

Wester, P. J. Plant names. Philippine Agr. Rev. 10: 1-9. 1917 
10: 55-63. I917. 

Weston, W.H. Observations onan Achlya lacking sexual reproduction. 
Am. Jour. Bot. 4: 354-366. Je 1917. 

White, O. E. Inheritance of endosperm color in maize. Am. Jour. 
Bot. 4: 396-406. Jl 1917. 

White, O. E. Inheritance studies in Pisum. IV. Interrelation of 
the genetic fectors of Pisum. Jour. Agr. Research 11: 167-190 
22 O 1917. 

Williamson, J. A golden variety of rye. Jour. Heredity 8: 568. 
D 1917. 

Williams, R. S. Philippine mosses. Bull. N. Y. Bot. Gard. 8: 331- 
378. pl. 171-174. 23 Jl 1914. 

Wilson, J. K. Physiological studies of Bacillus radicicola of soy-bean 
(Soja Max Piper) and of factors influencing nodule production. 
Cornell Agr. Exp. Sta. Bull. 386: 369-413. f. 8o-94. J 1917. 

Wilson, P. The vegetation of Vieques. Bull. N. Y. Bot. Gard. 8: 379- 
426. 9 Jl 1917. 

Wilson, P. Micrampelis lobata. Addisonia 2: 47, 48. pl. 64. 29 5 
1917. 

Wilson, S.F. A giant cactus. Am. Forest. 23:427. Jl1917._ [Illust.] 

Winslow, C. E. A., Broadhurst, J., and others. The families and genera 
of the bacteria. Jour. Bact. 2: 505-556. S 1917. 

Winslow, E. J. The male fern in Vermont. Am. Fern Jour. 7: 87-90. 
Jl 1917. 
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